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-& GaN-i- «l*tr A1N, InN, GalnN, AlInN, AlGalnN ?1 

(hydride vapor phase epitaxy) ^.2.^ ^^^-§-^r ifl<*IM 3.7}$: $H ^sj-z^g- ^ 

*l*ltf)3. ol^A]^ ^^Ml -B-^l^^ eflol7^ £A}5H £7l^ S «Ei 

^2r# 7l^-# ^llS^r-ll s-^iol Sl 1 ^. 

£ 3 
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7]^r ^ « 0 V, 3 {Device and method for forming nitride 

single crystalline substrate} 



a.ol^. zisfl^, 

J£4a £4d^ ^*HH ttf^- 7l^r ^ #^3E.. 



11A: «h§-^ 11B: «fl7l^ 

11C: 7}<£^ 12: m 

12A: S^l^l 13: 4^317] 3. 

14, 15: 7>>i ^1 <a^r 16: «ti7]7]) 

20: 30: 3.7)& 

31: ^ 31A: ^sj-^-g- cf^^ 7 ]# 
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32: ^s^f- &n ^ 40: AlB.X|*ltfl 

50: eflo]^^ 



<i4> ^- 7l^r 31^ ^ ^tb ^ 

7]&°\} -^<_}o] ^^Hr Jl^^^-S y o v ^ 53 °1 

_ _____ _ _ 

<15> ^efl 7)& « 0 >^ oflS^ ^J^y-fr 71^: ^-Sr 

<ie> ^zJ-p-^ -g-^o] 2400 r ol^^s , ^-«H<y-£ -8-3 °1H ^ 10^ 7l<& 
4^ y o v ^# tfl^s} H£L ^r^^-i- ^#*Kr lr7>^W. 

irJ-Ej-A^ f *#EL ^^l7l7l 1000 t: ifl*] 1150 M ^ 

^£^0} 7}if ^ *>-g-^ ^#*Kr ^4 1500 °C ^ 

*1 1600 M ^s., 20000 7]<&£\ ^» -§-*fl A l^ 

^^^^ o. ^^^^ wj-^ol A>-g-^cf. ZL&iq- #Hfl «J-^ o.^^ EL7]7\ ^ mm 

^HolJT ^7> 100 IM ^SLsL ^ 7) 
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<17> o)z\# -g-*fl^-g- n%*}7] ^5}oj 2^oflif Al^l-xg- S$ #4*5.7} 100 W/^&SLS. 

s>o]^e)-o]^ a] (hydride vapor phase epitaxy)^ ^l-§-s>c^ AysH©} 7 ] 

& £^ ^Sj-fr^CSiC) ^ S7l^r $H ^s^-p- ^Aj?J ^ 2.71 ^-g: ^^a] 

<18> £7)^ ^7\f%7] ^^5.^ 717^1^^] ^ °1 4 ^1 °1 *1 1" °1 -§-*Rr *o V 

1000 V ^x] 1100 V £::£<*rH ^Sr^f- ^^71^1 ^ 

Zf^l^ ^s^M-ol 3L7)^ «V-§-^S^ 7^ t}-g-, ^sj-^f- ^ 

sfe S.71^:^ ^r£» 600 °C^}*1 -**a] 5Q * elH^s- ol-g-^H 

^5}-^-#3if 2.7l^hg- ^-£)S}-JL 5iCr.[K. Kelly -§S Large free-standing GaN substrate 
by hydride vapor phase epitaxy and laser induced lift-off, Jpn. J. Appl. Phys. 
Vol. 38, No. 3A (pt 2), 1999] 

<19> *i#?V ^2flS] ^^fl- 71^: *fl2: ^SH^fe *>ol^B}o)c ^Aj-ofl^^A) 

A>-g-^ Jl^oflAi A}^^ 7]^: ^ofl ^Sj-^f" Jf^-fr <^ o^^A] * 
^^17171 nfl^l, tfl^-ofl^ 271^3]-^ ^7.>^^ <I^%7|1^ 

x>o]oil o^j-o} ^<i( C rack)ol ^tr^f. °l^f 5<I£r U^-iff- 7]*^ 37l 

1- *H^H^ ^ ^ W«fl ^5}^ ^7 r ^f^ ^3]-^^ q-^M. n)*] 

711 £4. 
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£7l^o.S.^-B^ ^2}-# 7]^r* ^*Rr M 

<21> ^-7lS|- ^ ^^>7l ^tb 2-7]^: ^ # ^-^o] ^A] 

-§- ^2:S>7l eflo]^ ^^o] ] ^ ^7} 7>1^ vflofl ##£)l*l 

<22> £t, Aj-71 -E-^ o. ^^r>7l ^ 27l ^ *><S*Hf- 1 #7fl ; ^7} 3. 

^Hl ^-%r ^*Rr *ll2 #31; ^ «>-g-^ ^HH ^71 tf-griLt]. 
^ 71^ *HS*Kr *fl3 ^7]1^- i^<5Rr 7l # 

<23> m}-^ GaN ^. u^^. A1N> InN) GaInN> AlGalnN ^ 7l# 

*1€ #3HH eflo]^!- 2;A>^>o^ S7l^r2f ^S}-!-^ 
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<*«* ^ ^V^HCAIA), (MgAl20 4 ), ^^(SiC) f-sf ^ 

o] GaNS+ 3 7)-^ ^4 ^^Ml^M *}o) 7 } ^- $H1 #tfl3-°S. %^$) ^^Nr 

£7 > m>s. sHjelsI-oIjel 7l^-o]]3i]ai a] (hydride vapor phase epitaxy)^^-S ^ 

^# ^ ^Sl-^-f- A) 71^1 

&ui ^-g-^tfl^A-i 6oo "c iooo r^i ^^ie 



°l*h ^€ £ o^AjA}^ofl rcfs. ^zj-g- 7l 

^^(£Al^>xl #^-)o] tiV-g-^(HA), *H-*J(11A)4 7]-<i-M(llB) a}<>W <^*1 

«H «fl7l^(16)fil- <^^€ ^7l^(xiB) ( ZL xfl-sfofl ^^iES. ^]S.7.1xlcfl(40)7> 
i^sH 3.7}%(30)^S-^] ^s^fl- ^-ejAl7l7l ^ elMxi ai ^a> ^o] 

7>^^(llC)ol 7 r *M W>-§-^(llA), Hfl7lAj(HB), 7><i^(llC) 

<>l;g-*Rr ^^3). ^(shutter, 12)S tifl7lAj(iiB)oiJ- & 

-g-^(HA)^ 7><i^(llC) ^ ^ zj-zj- «H-^(llA)3r 7>«i^ 
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(flange, 12A)7> ^5]<H M^**. 
<27> 0}-g-^(llA)^r 4^71^(13)5. ^Si^o]j7 «>-§-^(llA)^fe ^"SM°> 7>^-§- *fll 

7}+ 91^^(14)^ £ ^± 7>i-g- ^12 7>i 01^^(15)^1 °1 3 * 7>i 

o} 0 ^^ ^-g-^(HA) tflofl ^ol^ <a-aM°> <*^> 7>^ ^ ^ 7>i^ «V 

-S-^(llA) vfl^<*f| ^#(20)^ ^-S-*»fl 3uL, #-§-°fl ^l«fl 5.71 #(30) # 

ofl ^°1 

<28> tiV-g-^(llA) vfloflAV^^* ^°1 <a<>m-^ ^o> tifl^QlBH <3^€' 

wfl 71 741 (16)# «}:-§- 7^71- nil 715)01, teSl^ «fl 7l^(llB)^r wfl7l74lS^- 
^ ^1?J4. ' 

<29> ^ ^^ 0 1 ^€ 27l^r(30)* 7>«g^(llC) xfl^l Als-^l^tfl 
(40) ^S. ^l^Kn, 3H*i a J(50)* 2.71^(30)31 ^ofl SA>§>ol £71^(30)^-3.^ 

<30> ^fil ^AHloil 14=. ^Js}-^ #^'71^ ^12: #*1# iL°l^ S.3^1>H^ # 

-§-^(llA)4 7><1^(11C) A>oHl tifl7l^(llB)°l $1*1 *Hr 3* 5L*)f>}<%x]T£ r tiV-g-^ 

(11A)4 7><I^(11C)°1 Sl^^T ^£ 5a^, *ll7l^ *}^>*1 QjL tiV-g-^ 

(11A)4 till 71 741(16)71- ^^slS^- ^ ^2. 

<si> stth 23°lH^r ils^f- 71^- ^ls #*1» ^I^a-i hai^^^i^]- 

3L^-*Rr A1N, GaN, InN, GalnN,, AlInN, AlGalnN m^f ^Sj-^- 7l# 

^lS^l 3-§-€ ^r2 5^. <^]» «°1 GalnN ^l2*>7l «J-g-^(llA) vflofl 

Gaazf In z|-zl-# ^ -g-7l7> sqjl, ojs. z^l <^^- 7 }^ ^^7>^1- 
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AlGalnN^l ^-f^l^ ^-^Q -g-7H «^7>^i^ ^7^» *s^^^ 

<32> ol*> f £^ J£4a ^1*1 S.4d# ^lojof rc}-^ ^s^f- 

71^- ^flS Ji4 ^Ml*}7fl ^^cf. 

<33> ^ £4a^l £*lt!- *}4°l°UAl2Q3), ^2}'i(MgAl204) ^2} 7l 

^-8: ^sHM- ^* Sltb 2.71^(30)^-5. 

<34> ^o.^ 5.3-4 £o] wV-g-^UlA) ^^-s^l nf^^zL «>-g-^(llA)4 ^ 

€ 7><1^(11C) ^£2] 7}&X]x)xJi\U0)7} tfMtf €r>ol = ^o1^. 7 )s£ 

o\]si\T2\X\ ^]o] H>-g-^(iiA) t-HH, £.4b«1] £-*l*V w>sf ^c] 2.71^(30) #°fl 

# ^(31)^ ^t^. 

<35> olnfl, ;£-§- ^32\- 2\o]S. is}^*] 31 #7}£.°]} 2l*fl ^£7} 

600 r 900 °C5. -fi-^m ^^^1 $}*]a]71ji, iooo °c ifl*i iioo °cs. ^ v 

^otf^ 27l^r(30)-i- ^^Al^iq-. ^^BV-g-^r tflJfl- 10" 3 torr ^£2} ^^.5. Bfl7) 
^ #715.21 ^7M7l^^ 600 ^ofl^^-El 7}^ # 

* ^^*>J7, 212.^6)- 7>i» 27l^r(30) ^-ei ^^-*>^ £-71 ^-(30) 100 */m Ml 
*1 500 m ¥^]21 HS)-^* ^(31)* ^^l^lcf. 

<36> olfif ^o] ^j^-g- ^(31)0} A ^o\ QsLS\^ <gA> 7>^2l ^-g>g- ^l^EL, ^ 
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^(N 2 ) SE^r <3\E.vK(NH 3 )# ^^V^i ifloH-H 600 °C ifl*l 1000 

^S*£:# 3^(31) ^^ol <£s€ £.7) #(30)1: °H, ^715.^ ^ 

^ ^Sife 3 °C/£ tfl^l 10 °C/&°] 

<37> o}<4 ;£o| ^^-(31)o] t§Aj*£ ^71^(30)^1 £r£-7}- ti}-g-^(llA) v|H>*l 

600 °C 1000 °C°1| o] e.^ ^ eg 7 | *>*1 °l-g-*H ^s^f- ^(31) 

6 1 -£7l^r(30)* 600 °C ifl*l 1000 °C^1 <£^-&^3- A)5.x]z\r% S. 

4c°fl w>sf 180 ° 3*1*1^ ^s^f- ^(31)4 Al^l^tfl(40)7> 

*»>^iL3E.^- ^ 2.7"| #(30)^1 ^ofl 3H*j7r ^t\-. 

<38> £.4cH £^>ltr h>4 ^-o] :n#^ Bflo]^ 2.71 #(30) 2^5} 

^ ^7) ^(30)^-3.^ ^^-^ ^(31)4 ^r^Al?J4. olnfl A}-§-^ eflo]^^ ^ 
*J-*r^ Nd:YAG 3M*|3.*1 ^r^SM 355 nm, 500 mJ, €^ ^7l^ 10 Hz ^fl*l 20 

Hz°lJl, €^ 5 ns ifl*l 6 nso]i^-. o]sq. ^o] sJ-^-o] 355 ^0] JL^^ $}o]z\^o] 
27l#(30) ^o]) 545)^ iSM^U^r 2.71^(30)1- M-sj-jL, ^Sj-£# ^(31)°!^ 

*r **r€i=r. ^(31)°1 -H#^ efloj^yi^ ^^>7fl s]^ 4^(31) 

^ ==r jan li^HH ^steM-°l tf^S ^-*fls)^ ^3HM" ^*K31)°1 2 

7l#(30)J>JL-^ o_JL*l ^o| ^Efl^ aJsJ-^f- 7l^(31A) 

Sr 4^ t= 9X^. 2.^-2. '32'^ ^3^# M-Efsflcf. 
<39> o)$\. 3.7} ^SLS.^ ^3^# 7l^(31A)^ S^£r ^*r*l 

7l^-(31A)^ 5E^r ^-i- cfo]ol-^-c ^3 e| (slurry)* 

71^ *Hj$t|-. 
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<40> o]^6\]a\ ajt^ & ^^t!: -g*H ^ 5fM ^*fl tb^fe 5H 

oHjI, £ 7l#^ A^fr* ^ ^ tflofl^ ^ 7 >X| *1^, «i*g * 

<41> -^"714 ^-o] o]^(>|^^ til #£7> BB>€- *M t= ej-o] c 7 ] Aj-ofl 

71^5.^-El ^BlAl^lol ^ <#^* ^t^l & 

*J3}-# 7l^r# *flS«: ^ fli}. 
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11 

7l* ^12: #*H SM^i, 

2.71* >m ^ ## ^^°1 ^H^lfe 

#7l tiV-§-^^- c^SjjI, #7l E-7] &SL^¥-B\ #7l Jf^-fr -g-S)«H 7l 

*}7l ^ elHx-l SA> ^ol ^A]sl^ 7}<g^; % 

#7] 7}^ lfl<Hl #^SM <^ ^£5. -R-^m Al^l^cfl 
«• 5.^Rr 7l* #*1. 

[^^J- 2] 
*ll 1 %H1 

#71 71* *flS #*l^r 

^olc^o]c 7 ] ^1-^51] id] Al ^lol ^ 7l* *fl2: #*1. 

[^Jt 1 * 3] 

*ll 1 ^ *fl 2 lH &<>H, 

#7l «>-§-^4 #7] 7}<m A>oHl ^7l^l<2l- «fl7l^ O) ^1*H, 

#71 «V-g-^, #71 Hfl7l^, #71 7>1^ Z^^r O] ^^^^BlS^-BlSl^ 
*>*r 71* *RS #*1. 
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4] 

2.71** *>£frHr afll #31; 

#-§-^ vfl°1H ^-71 271* -S-ofl ^^M- ^*Hr X|2 #31; ^ 

^71 271** ^Jit} ^ ^ -e-^A] 3H*1» SA>^>^ ^-71 

271*°.^-^ ^-71 €-e)Al^ 7l** Xl^SRf *fl3 #31 

« SL^Kz- 7j* 
5] 

^-71 xfl2 #31 ^, 

aJ-71 ^^ol 271** ^^^r2^>xl ^^M^lfe 7fl4 #31; * 

^7l aV-§-^^- 7>«1^ tflofl $1*1 *M f£S -fr*l* X|S.*l*ltfl ^ofl 

^71 ^ ^^o] 27l** ol^-A] 71^ X| 5 #3l» Cl i«-*>^ ^3* ^r^SLS. 

*m 71* XlS 

6] 

XI 5 ^1 fl°H. 
^•71 X13 #31 
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[3^* 7] 

#7l 2.71^ A>Bj-olol(Ai 2 0 3 ), ^^(MgAl 2 0 4 ) Sfe *SHfdfci(SiC) ^ <Hi=i 

7l^o] ^o. s^o S ^ ^ 2 wj-^. 



[^T^ 8] 

^71 A]2 ^. 
71* *fl2: «o>^. 

9] 

*» 8 ^<H1 fl^W, 

^71 ^)2 #7^, 

^•71 tiV-g-^^ 600 °C vfl^l 900 tS ^^35. «>M"^ Dl^r $J 
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x]a)7]5L, ^7} #-§-^£| 1000 t^l 1100 tS. ^1 2.71^ $1*H 

#31; 

4- ^*Hr #31; ^ 

^ ^ ^ 7 1^- ^2: « 0 >^. 



10] 

*f| 9 *M $X^^\, 
^■7} »H #3l^r, 

^-71 tiV-g-^ vflofl 34. afe ^S.M°>1- ^"^-^^ 600 °C vfl*l 1000 °C ^rH^l 
^7l H.7l^# 71^ S-^^-S. *Hr 71^: *fl2: . 

111 

10 ^1 9X°]*], 
^7} ^l5#3HMi, 

600 V ^*1 1000 ^rSS. -fi-^l€ #7l a] ^l^cfl ^°\], Aj-71 ^^-1-^-31- A} 

S.*lX|tfl7> P>^i^- Aj-71 271^ 71^ ^<LsL 7}& ^ . 
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12] 

10 ^1 &°H, 

^ 3* 71* «o V ^. 
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